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(57) ABSTRACT

An 1mage display device includes at least one transmissive
display panel arranged at different depth positions in a
direction normal to a display surface of the image display
device. Each of the transmissive display panels includes a
light-emitting layer that 1s sandwiched between a front side
transmissive film and a rear side transmissive film. The rear
side transmissive fllm has an interface with a maximum
refractive index difference that causes an efliciency of light
emitted from the light-emitting layer to become smaller than
a Tront side light emission efliciency in the characteristics of
light-emission efliciency, which changes with respect to a
film thickness of the transmissive film due to optical inter-
ference.

15 Claims, 4 Drawing Sheets
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IMAGE DISPLAY DEVICE AND
MANUFACURING METHOD

TECHNICAL FIELD

The present mvention relates to 1mage display devices
using a transmissive display panel including a light-emitting,

layer, and moreover to methods for manufacturing the same.

BACKGROUND ART

Electroluminescent (EL) display panels are known as one
type of transmissive display panels including a light-emait-
ting layer that 1s sandwiched between a front side transmis-
sive 1llm and a rear side transmissive film. The EL display
panels use morganic or organic thin films exhibiting elec-
troluminescence (heremnaifter also referred to as “EL”) that
emit light when 1njecting a current, and are provided with a
light-emitting layer that 1s made of such an EL materal.

One application of the transmissive display panel 1s a
stereoscopic 1mage display device. For example, provided
that a transmissive display panel 1s positioned in the front of
a display panel aligned with a certain distance, the same
images are exhibited on these display panels respectively.
When a viewer watches the back display panel through the
transmissive display panel then he will see the same 1mages
as one merged 1mage without recognizing two different
images at diflerent depth positions. Based on such a prin-
ciple, there 1s a stereoscopic 1image display device in which
the ratio of the brightness (luminance) of two i1dentical
images 1s changed partially so that the merged image 1s
constructed as a stereoscopic 1mage 1n the viewer’s head.

Such a stereoscopic image display device puts Iittle
tatigue on the viewer, since 1t not only eliminates the need
for any special 3D glasses, but also allows a more natural
stereoscopic display than conventional stereoscopic image
display devices.

Generally when a display panel displaying an image 1s
viewed through a transmissive display panel that 1s aligned
therewith at a certain distance 1n the depth direction, then
reflections of the front side panel may occur. That 1s, the
front side 1mage may by reflected by the rear side panel and
imaged again onto the front side panel, though the particular
phenomenon 1s not limited to the stereoscopic image display
device. As a result the viewed 1image may become fuzzy
even 1n the stereoscopic image display device.

DISCLOSURE OF INVENTION

It 1s thus one of the objects of the present invention to
provide an 1mage display device that supplies sharp images
to viewers, and 1n addition a method for manufacturing the
same.

An 1mage display device according to the present inven-
tion 1ncludes at least one transmissive display panel
arranged at different depth positions 1n a direction normal to
a display surface thereof, wherein the transmissive display
panel includes a front side transmissive film and a rear side
transmissive {ilm, and a light-emitting layer sandwiched
between the front side transmissive film and the rear side
transmissive {1lm. In the image display device, a lamination
of the front side and rear side transmissive film and the
light-emitting layer has a light-emission efliciency charac-
teristics due to optical interference in which respective
light-emission etliciencies of light emitted from the light-
emitting layer varies as respective functions of film thick-
nesses of the front side and rear side transmissive films. In
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the 1mage display device, the rear side transmissive film has
an interface with a maximum refractive index difference so
as to cause a light-emission of the rear side transmissive film
smaller than a light-emission of the front side transmissive
f1lm.

Moreover, according to the present invention, a method
for manufacturing a transmissive display panel including a
front side transmissive film and a rear side transmissive film
sandwiching a light-emitting layer formed on a transparent
substrate. The method 1ncludes:

a first layering step of layering at least one rear side
transmissive film including an interface with a maximum
refractive index difference; and

a second layering step of layering on the rear side trans-
missive film a light-emitting layer for emitting light with a
wavelength A as a principal component;

wherein, 1n the first layering step, the rear side transmis-
sive 11lm 1s layered at such a film thickness that an optical
distance from a light-emitting layer to the interface with the
maximum refractive index difference i1s substantially equal
to an odd integer multiple of one quarter of the wavelength

A

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic cut-away perspective view
showing an 1mage display device according to an embodi-
ment of the present invention.

FIG. 2 1s a diagrammatic partial sectional view showing
a transmissive display panel and a reflective display panel 1n
an 1mage display device according to an embodiment of the
present 1vention.

FIG. 3 1s a sectional view showing an organic EL element
ol a transmissive display panel in an 1mage display device
according to an embodiment of the present invention.

FIG. 4 1s a diagram 1illustrating reflection in the organic
compound material layer within an organic EL element of a
transmissive display panel i an image display device
according to an embodiment of the present invention.

FIG. 5 1s a sectional view of an organic EL element made
for experimental purposes.

FIG. 6 1s a graph showing the characteristics of the
external quantum efliciency 1n relation to the thickness of the
hole transport layer in the organic EL element according to
the present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The following 1s a detailed description of an embodiment
of an 1mage display device in accordance with the present
invention, with reference to the accompanying drawings.

FIG. 1 shows an image display device including three
transmissive display panels 101 and one retlective display
panel 101q that are accommodated 1n a casing 100 and are
arranged at different depth positions from the rear to the
front along a direction normal on the display surface. Other
than the display panels 101, the display device also includes
a power source and such electrical circuitry as an address
driver, a data driver and a controller, which are not shown in
the drawings.

The transmissive display panels 101 and the reflective
display panel 101a are for example organic EL display
devices made of a plurality of organic EL elements and are
driven by passive-matrix driving.

The display panels 101 each include, on their display
surface, “n” (n 1s an mteger) scanning lines that are formed
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in parallel at a predetermined spacing, and “m™ (m 1s an
integer) data lines that are also formed i1n parallel at a
predetermined spacing. The scanning lines and the data lines
are separated by a predetermined spacing and arranged at
right angles. The display panels 101 include nxm light-
emitting portions 102 that are formed at the portions that
correspond to the intersections between the scanning lines
and the data lines. Moreover, the display panels 101 further
include a power source line and a common line, which are
connected to each of the light-emitting portions 102. One
end of the scanning lines 1s connected to the address driver,
and one end of the data lines 1s connected to the data driver.

The address driver applies a voltage sequentially to each
of the scanning lines. The data driver applies to the data lines
a data voltage for causing the light-emitting portions to emuit
light. The controller 1s connected to the address driver and
the data driver, and controls the operation of the address
driver and the data driver 1n accordance with image data that
have been supplied to the controller in advance.

FI1G. 2 shows an example with two display panels, namely
a transmissive display panel 101 and a reflective display
panel 101a. As shown 1n FIG. 2, if the transmissive display
panel 101 1s arranged at a distance in the depth direction
from the reflective display panel 101a, then light emitted
from the two panels can be observed from the front side. The
light-emitting portions 102 of the organic EL elements 1n the
reflective display panel 101a include a metal electrode 5, a
plurality of organic compound material layers 4 including a
light-emitting layer (the non-light-emitting portions are
transmissive films), and a transparent electrode 3, layered in
that order on a glass substrate 2, as shown i FIG. 2. The
light-emitting portions 102 of organic EL elements 1n the
transmissive display panel 101 include a transparent elec-
trode 3, a plurality of organic compound material layers 4
including a light-emitting layer, and a second transparent
clectrode 3a, layered in that order on a glass substrate 2, as
shown 1n FI1G. 2. Both the reflective display panel 1014 and
the transmissive display panel 101 are protected by a trans-
parent cover, such as a glass sheet 2a. Consequently, the
light emitted from the light-emitting portions 102 of organic
EL elements 1n the reflective display panel 101a travels
toward the viewer on the front side, but a portion of the light
emitted from the light-emitting portions 102 of organic EL
clements 1n the transmissive display panel 101 travels
toward the reflective display panel 101a on the rear side.

In this embodiment, the particular light (which 1s emitted
from the light-emitting portions 102 of organic EL elements
in the transmissive display panel 101 and travels toward the
reflective display panel 101a on the rear side) 1s suppressed
by optical interference due to the adjustment of the optical
film thicknesses of the transmissive films in the organic
compound material layers, for example. That 1s to say, the
elliciency of the light emission from the light-emitting layer
sandwiched between the front side and the rear side organic
compound material layers in the transmissive display panel
101 1s made smaller for the rear side than for the front side
in the characteristics of the light-emission efliciencies which
change with respect to the film thicknesses of the transmis-
sive films due to the optical interference of the light reflected
from an interface with a maximum refractive index provided
at the rear or front side organic compound material layer, for
example.

The following 1s a more detailed discussion of the light
paths and the light-emission efliciency of the light-emitting,
portions of the organic EL elements in the transmissive
display panel 101. As shown 1n FIG. 3, the structure of the
organic EL element 102 1s such that a transparent electrode
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3 made of ITO (indium tin oxide), a plurality of organic
compound material layers 4 including a light-emitting laver,
and a second transparent electrode 3a are layered in that
order on a glass substrate 2. The organic compound material
layers 4 are partitioned 1nto a front side 4D and a rear side
dd with a light emission center 10 of the light-emitting layer
as a boundary.

In the organic EL elements 102, the diflerence 1n refrac-
tive 1mndex 1.e., refractive index diflerence at the interface
between the glass substrate 2 and the transparent electrode
3 1s much larger than the refractive index differences of the
other adjacent layers, so that this interface with the maxi-
mum refractive index difference acts most strongly as a
reflective mterface. The refractive indices of materials used
for fabrication of the organic EL element are as follows: the
organic compound maternal layers 4d and 4D are about 1.8;
the ITO transparent electrode 3 1s about 2.0; and the glass
(soda-lime glass) substrate 2 1s about 1.5. Therefore, the
difference of refractive index 1s 0.2 between the organic
compound material layer 44 and the transparent electrode 3,
and the refractive index difference 1s 0.5 between the glass
substrate 2 and the transparent electrode 3, so that the
difference of refractive index between the glass substrate 2
and the transparent electrode 3 1s maximal in the rear side.
Therefore, in the case that the light traveling from the
light-emission center 10 of the light-emitting layer toward
the transparent electrode 3 and coming back to the light-
emission center 10, the small difference of refractive index
between the organic compound material layer 44 and the
transparent electrode 3 1s neglected, but the maximum
difference of refractive index between the glass substrate 2
and the transparent electrode 3 i1s taken into account. It
should be noted that the interface with the maximum refrac-
tive index diflerence may be provided not only between the
glass substrate and the transparent electrode, but also pos-
sible to form a film of a material with high refractive index
inside the organic compound material layer 44.

In the organic EL element 102 shown 1n FIG. 3, the main
routes by which light generated at the light-emission center
1s released are the followings (1)—(3): (1) Radiation goes
from the light-emission center directly toward the front side;
(2) Radiation goes from the light-emission center toward the
rear side, partial retlection back toward the light-emission
center, through the light-emission center and toward the
front side; and (3) Radiation 1s reflected at the glass back to
the light-emission center and radiation by the same path. The

influence on the light-emission efliciency 1s larger for route
(2) than for route (1).

The settings of the optical film thickness of the organic
compound material layer 4d on the rear side are as follows:
the optical interference on the light emission route (2) 1s
considered. As shown i FIG. 3, provided that “n” 1s the
overall refractive index and “d” 1s the overall film thickness
under the condition that light 1s reflected at the interface
between the transparent electrode 3 and the substrate glass
2 and returns to the light-emission center, then an optical
path length “2nd” 1s given by the total of the optical path
length of the organic compound material layer and the
optical path length of the transparent electrode as expressed
by the following formula:

2nd=2((" oo org M 170% 1 70)

(In this equation, n,,, denotes the refractive mdex of the
organic compound material layer 44, d_,, denotes the film
thickness of the organic compound material layer 4d, n,-,
denotes the refractive index of the transparent electrode 3,
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and d,-, denotes the film thickness of the transparent elec-
trode 3.) Consequently, when the optical path length “2nd”
of the light traveling back and forth 1s the same as an integer
multiple of the wavelength A, then the optical interference
between the returning light and the emitted light becomes
maximal. Thus, as shown in FIG. 4, the optical distance from
the light-emission center where the optical interference
becomes maximal to the interface with the maximum refrac-
tive mndex difference 1s given by the following formulae:

21y o0 10) I M

e (R rgorgt i rrodiro) =27 (M4)

-2

(In this equation, “1” denotes an mteger of 1 or more.) If the
total film thickness of the organic compound material layer
4d and the transparent electrode 3 1s set to the vicinity of one
value of this calculated optical distances, then the optical
intensity of the unnecessary light returning to the rear side
due to optical interference becomes large. That 1s to say, the
film thickness on the rear side of the organic compound
material layer 4d at which the optical interference eflect
becomes maximal should be set such that the optical dis-
tance (n,,.d,, +0;7,d;75) from the light-emitting center 10
to the interface with the maximum refractive index differ-
ence becomes substantially equal to an odd integer multiple
of one quarter of the wavelength A, rather than such that 1t
becomes substantially equal to an even integer multiple of
one quarter of the wavelength A. Accordingly, the light
traveling from the light-emitting portions 102 toward the
reflective display panel 101a on the rear side can be sup-
pressed through the optlcal interference 1 such a manner
that an iterface with a maximum refractive index difference
1s provided 1n the rear side, for example, within the organic
compound material film, while adjusting the optical film
thickness of the organic compound material layer, so that a
light-emission efliciency on the rear side 1s smaller than that
of on the front side in the characteristics of the light-
emission elfliciency that changes with respect to the film
thickness of the organic compound material layer due to
optical interference with the light retlected from that inter-
face.

In the process for manufacturing the organic EL elements
as a first forming step of forming an organic compound
matenal layer, the organic compound material layer on the
rear side 1s formed on a transparent electrode formed on a
transparent substrate by depositing one or more of the
organic compound material layers other than the light-
emitting layer that 1s supposed to emit mainly light with an
wavelength A at such a film thickness that the optical
distance from the light-emitting center of the light-emitting
layer to the interface with the maximum refractive index
difference becomes substantially equal to an odd multiple of
one quarter of the wavelength A. Then, as a second forming
step ol forming the organic compound material layer, the
light-emitting layer and the remaining organic compound
maternal layers on the front side are layered on the rear side
organic compound material layer at a film thickness that 1s
substantially equal to an even integer multiple of one quarter
of the wavelength A, and then a second transparent electrode
3a 1s formed on top of that.

Since the optical interference structure of the EL elements
in which a light-emitting layer 1s sandwiched between the
front side and rear side organic compound material layers 1n
the transmissive display panel 101, as the film thickness of
the organic compound material layer 1s gradually increased,
the film thickness wherein the phases 1n the above described
light-traveling routes agree with each other appears one after
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another. In particular, as the film thickness 1s increased, the
clement demonstrates the maximum and minimum values 1n
the light emission efliciency characteristics with respect to
the film thickness of the transparent electrode side portion of
the organic compound material layer. In other words, the
light emission efliciency characteristics depend on the total
film thickness of the organic compound maternial layers of
the transparent electrode side.

For example, as shown 1n FI1G. 35, a plurality of organic E
clements were fabricated in which a transparent electrode
(anode) 3/ a hole transport layer 42/ a light-emitting layer
43/ a transparent electrode (cathode) 5 are deposited 1n that

order on a substrate 2 respectively using for these matenials
(and film thicknesses), ITO (100 nm or 175 nm)/TPD e.g.,

diphenyl-N,N'-bi1s(3-methlphenyl)-1,1'-diphenyl-4,4'di-
amine (40 to 200 nm)/aluminum oxine chelate 1.e., tris(8-
hydroxyquinoline) aluminum Alg3 (60 nm)/I'TO with added
L1. Respective elements having hole transport layers difler-
ent 1n thickness as such was subjected to the measurement
of the external quantum efliciency of the organic EL ele-
ment. In this case, the vicinity of the interface of the
light-emitting layer 43 on the side of the hole transport layer
42 1s the light-emission center.

FIG. 6 shows the relationship between the thickness of the
hole transport layer film, which 1s a portion of the organic
compound material layers, and the externally retrieved
quantum efliciency of the organic EL elements. When taking
the film thickness of the hole transport layer as the horizontal
axis and taking the external quantum efliciency as the
vertical axis, then the efliciency of the organic EL element
increases and decreases periodically as shown in FIG. 6 with
respect to a transparent electrode of the same thickness (100
nm or 175 nm). In FIG. 6, characteristics for two types of
transparent electrodes 100 nm and 175 nm 1n thickness are
plotted with the curves of a dotted line and a solid line,
respectively. As for the relationship between both curves, the
curves have the same period of an increase and decrease but
their phases are shifted by about half a period each other.
This 1s because the difference 1n film thickness (75 nm)
between the two types of transparent electrodes 1s optically
an odd integer multiple of the half of the peak wavelength
(520 nm) of the EL spectrum, so that enhancement and
cancellation due to the optical interference are anti-phase.
Furthermore, the amplitude difference of the two curves also
seems 1o be aflected by reflections at the interface between
the transparent electrode and the organic compound material
layer when the refractive index diflerence at that interface 1s
large.

It should be noted that the foregoing embodiment has
been described only for a monochromatic wavelength. How-
ever, as another embodiment, 1t 1s possible to devise a
display device with multi-color light emission wherein,
light-emitting layers made of different organic compound
maternials for EL that emit the colors blue, green and red
when a current 1s applied to them are independently and
individually layered at the pixels of the corresponding
matrix positions. With such an embodiment, a matrix-driven
display device with a plurality of pixels 1s attained, in which
cach pixel 1s given by one set of blue, green and red
light-emitting organic EL elements.

More specifically, a transmissive display panel was fab-
ricated that was made of organic EL elements each having
a two-layer structure i which receptive rear side hole
transport layers with certain refractive indices (n=1.85,
n=1.75, n=1.72) were provided on ITO electrodes with
certain refractive indices (n=1.525, n=1.520, n=1.515),
which were provided on glass substrates with certain refrac-




us 7,206,112 B2

7

tive mndices (n=1.525, n=1.520, n=1.515), and light-emitting
layers made of organic compound materials for displaying
EL of blue (A=450 nm), green (A=530 nm) and red (A=620
nm) were formed on the rear side hole transport lavers
respectively. In this case, those refractive indices were
values corresponding to the respective wavelengths of EL
colors, and the film thicknesses of the rear side hole trans-
port layers were set to 60.8 nm, 75.7 nm and 90.1 nm.

It should be noted that the above embodiments were
described for organic EL elements utilizing thin films of
organic ELL materials, but it 1s also possible to devise an
image display device made of a transmissive display panel
made of inorganic EL elements utilizing thin films of
inorganic EL. matenials.

The invention claimed 1s:

1. An 1mage display device comprising:

at least one transmissive display panel arranged at differ-
ent depth positions in a direction normal to a display
surface thereof,

wherein each transmissive display panel includes

a pair of a front side transparent electrode and a rear
side transparent electrode;

a front side transmissive film and a rear side transmis-
stve film sandwiched between the front side trans-
parent electrode and the rear side transparent elec-
trode, and

a light-emitting layer sandwiched between the front
side transmissive film and the rear side transmissive

film,

wherein a lamination of the front side and rear side
transmissive film and the light-emitting layer has a
light-emission efliciency characteristics due to optical
interference in which respective light-emission efli-
ciencies of light emitted from the light-emitting layer
varies as respective functions of film thicknesses of the
front side and rear side transmissive films, and

wherein the rear side transmissive film has an interface
with a maximum refractive imndex difference so as to
cause a light-emission of the rear side transmissive film
smaller than a light-emission of the front side trans-
missive film.

2. The image display device according to claim 1, wherein
the position of the interface with the maximum refractive
index difference in the rear side transmissive film 1s a
position of an optical distance from the light-emitting layer
that causes a minimum value between adjacent maximum
values of the light-emission efliciency 1n said light-emission
elliciency characteristics.

3. The image display device according to claim 2, wherein
the light-emitting layer 1s made of a maternial that emits light
of the wavelength A as a principal component, wherein the
optical distance from the light-emitting layer to the interface
with the maximum refractive index difference in the rear
side transmissive film 1s substantially equal to an odd integer
multiple of one quarter of the wavelength A.

4. The image display device according to any one of
claims 1-3, wherein the light-emitting layer 1s made of an
organic compound exhibiting electroluminescence, at least
one of the front side and rear side transmissive films includes
an organic compound material layer that supplies holes or
clectrons to the light-emitting layer, and wherein the image
display device further includes a pair of transparent elec-
trodes sandwiching the light-emitting layer and the organic
compound material layer therebetween.

5. The image display device according to claim 4, wherein
the transparent electrodes define a front side with a maxi-
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mum refractive index diflerence and the rear side interface
with the maximum refractive index diflerence respectively.

6. The image display device according to claim 5, wherein
a plurality of the light-emitting layers are arranged in an
array, the plurality of light-emitting layers are made of
organic compounds exhibiting different electrolumines-
cence, and the interfaces with the maximum refractive index
difference are disposed in correspondence to colors of the
emitted light respectively.

7. A method for manufacturing a transmissive display
panel including a rear side transmissive film and a front side
transmissive film sandwiching a light-emitting layer, formed
on a transparent substrate, the method comprising;:

a first layering step of layering at least one rear side
transmissive film including an interface with a maxi-
mum refractive index difference on a rear side trans-
parent electrode; and

a second layering step of layering on the rear side trans-
missive film a light-emitting layer for emitting light
with a wavelength A as a principal component and a
front side transparent electrode;

wherein, 1n the first layering step, the rear side transmis-
sive f1lm 1s layered at such a film thickness that an
optical distance from a light-emitting layer to the
interface with the maximum refractive index difference
1s equal to an odd integer multiple of one quarter of the
wavelength A.

8. The manufacturing method according to claim 7, fur-

ther comprising:

a third layering step of layering on the light-emitting layer
a front side transmissive film with a thickness that 1s
substantially equal to an even integer multiple of one
quarter ol the wavelength A;

wherein a lamination of the front side and rear side
transmissive film and the light-emitting layer has a
light-emission efliciency characteristics due to optical
interference in which respective light-emission efli-
ciencies of light emitted from the light-emitting layer
varies as respective functions of film thicknesses of the
front side and rear side transmissive films, and

wherein the rear side transmissive film has an interface
with a maximum refractive index difference so as to
cause a light-emission of the rear side transmissive film
smaller than a light-emission of the front side trans-
missive film.

9. The manufacturing method according to claim 7 or 8,
wherein the light-emitting layer 1s made of an organic
compound exhibiting electroluminescence, at least one of
the front side and rear side transmissive films includes an
organic compound material layer that supplies holes or
clectrons to the light-emitting layer, and wherein the image
display device further includes a pair of transparent elec-
trodes sandwiching the light-emitting layer and the organic
compound material layer therebetween.

10. A transmissive display panel comprising:

a pair of a front side transparent electrode and a rear side

transparent electrode;

a front side transmissive film and a rear side transmissive
film sandwiched between the front side transparent
clectrode and the rear side transparent electrode, and

a light-emitting layer sandwiched between the front side
transmissive film and the rear side transmissive film,
wherein a lamination of the front side and rear side

transmissive {ilm and the light-emitting layer has a
light-emission etliciency characteristics due to opti-
cal interference 1n which respective light-emission

e
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layer varies as respective functions of film thick-
nesses ol the front side and rear side transmissive
films, and

wherein the rear side transmissive film has an interface
with a maximum refractive index difference so as to
cause a light-emission of the rear side transmissive
film smaller than a light-emission of the front side
transmissive film.

11. A transmissive display panel according to claim 10,
wherein the position of the interface with the maximum
refractive index difference in the rear side transmissive film
1s a position of an optical distance from the light-emitting
layer that causes a mimimum value between adjacent maxi-
mum values of the light-emission efliciency 1n said light-
emission elliciency characteristics.

12. A transmissive display panel according to claim 11,
wherein the light-emitting layer 1s made of a material that
emits light of the wavelength A as a principal component,
wherein the optical distance from the light-emitting layer to
the interface with the maximum refractive index difference
in the rear side transmissive {ilm 1s substantially equal to an
odd integer multiple of one quarter of the wavelength A.

13. A transmissive display panel according to any one of
claims 10-12, wherein the light-emitting layer 1s made of an

10
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organic compound exhibiting electroluminescence, at least
one of the front side and rear side transmissive films includes
an organic compound material layer that supplies holes or
clectrons to the light-emitting layer, and wherein the trans-

missive display panel further includes a pair of transparent
clectrodes sandwiching the light-emitting layer and the
organic compound material layer therebetween.

14. A transmissive display panel according to claim 13,
wherein the transparent electrodes define a front side with a
maximum refractive index difference and the rear side
interface with the maximum refractive index difference
respectively.

15. A transmissive display panel according to claim 14,
wherein a plurality of the light-emitting layers are arranged
in an array, the plurality of light-emitting layers are made of
organic compounds exhibiting different electrolumines-
cence, and the interfaces with the maximum refractive index
difference are disposed 1in correspondence to colors of the
emitted light respectively.
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